The concept of grouping a range of clinical conditions which share a common life-threatening risk into a single syndrome came from cardiology, where the term acute coronary syndrome (ACS) allowed a number of different clinical presentations of threatened coronary artery occlusion to be considered together, to promote early identification and treatment and to improve survival. [1] [2] [3] The concept of an acute aortic syndrome (AAS) to encompass those conditions where there is risk of imminent aortic rupture will allow early identification of patients with chest pain due to an aortic cause and expedite early implementation of definitive treatment. 4, 5 Aneurysm, dissection, transection, penetrating ulcer, and intramural hematoma can be grouped together, not because they share the same pathology, but because in the acute setting these aortic conditions require early identification, transfer to an appropriate care facility, rapid institution of medical therapy and urgent aortic repair with high quality anesthesia, and a cardiovascular intensive care unit for postprocedure care. 6, 7 The reason for grouping these conditions into one entity is so that specific algorithms can be developed in centers specializing in aortic intervention with the aim of improving outcome. [8] [9] [10] Traditional management of AAS includes open surgical replacement of the thoracic aorta and is associated with a high perioperative mortality and morbidity. 11, 12 Endovascular repair of aortic pathology is increasingly being used as an alternative to open surgery. [13] [14] [15] The published literature contains few articles on the endovascular treatment of patients presenting with acute conditions of the thoracic aorta. We report the midterm follow-up of our experience of the endovascular management of AAS and investigate factors that may predict mortality.
METHODS
The cohort consisted of 110 consecutive patients with acute thoracic aortic pathology (pathology affecting the aortic arch and/or descending thoracic aorta) who underwent endovascular treatment at a single university teaching hospital between August 1997 and September 2009. A team of five vascular surgeons and five interventional radiologists provided a 24-hour emergency service.
The study was designed as a retrospective analysis of a prospectively maintained database, case notes, and imaging studies. Patient and procedural characteristics were collated on a standardized pro forma.
Preoperative imaging. All patients underwent bolustracked computed tomography (CT) angiography. Images were interpreted by both experienced radiologists and surgeons to determine suitability for endovascular repair. Duplex sonography was used to assess the ascending aorta to exclude type A dissection and to examine the status of the carotid and vertebral arteries if deliberate occlusion of the arch vessels was planned. Magnetic resonance imaging was not used due to its lack of availability in the emergency setting.
Initial medical treatment. Patients presenting with aortic dissection, penetrating ulcer, and intramural hematoma were treated initially with hypotensive medication and analgesia on a high dependency, intensive care, or a coronary care unit. Blood pressure was titrated to ensure adequate urine output. Initial treatment was with ␤-blockers and ␣-blockers then angiotensin converting enzyme (ACE)-inhibitors, angiotensin-2 receptor blockers, calcium channel blockers, and diuretics. However, patients presenting with circulatory shock were taken immediately to the endovascular suite after a diagnostic CT scan.
Operative technique. Patients who were conscious gave written consent. All operative procedures were performed in a hybrid operating theater with fluoroscopic and angiographic equipment available. Vascular access was achieved via femoral arteriotomy or prosthetic conduit. A catheter was inserted in the contralateral groin so that continuous angiography could be performed during device deployment. The majority of procedures were performed under loco-regional anesthesia without routine preoperative placement of a cerebrospinal fluid (CSF) drain. Prophylactic spinal drain insertion was considered if the procedure was performed under general anesthetic; there was long segment coverage (the descending thoracic aorta from proximal to the left subclavian to the coeliac axis), planned occlusion of the left subclavian artery, extensive disease (proximal to the left subclavian to the coeliac axis with involvement of infra-renal aorta and/or internal iliacs), planned occlusion of the internal iliac arteries, or previous infra-renal aortic repair.
Adjuvant procedures. The innominate and left common carotid arteries were always revascularized if coverage of the origin was planned. The left subclavian artery was assessed in each patient taking into account the status of the vertebral arteries, the length of aorta to be covered, the presence of a previous infra-renal repair or aneurysm, and the status of the internal iliac arteries. Revascularization of arch vessels was performed immediately before endovascular repair under the same anesthetic.
Postoperative follow-up. CT angiography was performed at 3 months, and the patient was reviewed in the clinic at 4 months. CT angiography and clinical review were performed annually thereafter. Data on follow-up were obtained from hospital electronic records and community hospitals and community care practitioners.
Statistical analysis. SPSS Statistics 17.0 software (SPSS, Inc, Chicago Ill) was used for statistical analysis. Quantitative variables were expressed as median and interquartile range (IQR). Instability was defined as systolic blood pressure Ͻ90 mm Hg. Renal disease was defined as glomerular filtration rate (GFR) Ͻ90 mL/min/1.73m 2 or a serum creatinine Ͼ120 mmol/L. The relationship between death at 30 days, 1 year, and 5 years, and patient and procedural characteristics was compared, and corresponding odds ratios were calculated using univariate logistic regression analysis. Variables with a P value Ͻ.2 were entered into a multivariate logistic regression model using forced entry analysis. To enable evaluation of all cases, missing values were replaced with mean values for the variable. No other variables were imputed. A P value of Յ.05 was considered significant. A Kaplan-Meier survival plot was produced to show the overall survival of the cohort.
RESULTS
Patients and operating characteristics. The pathology, demographics, and procedural details are shown in Table I . The male: female ratio was 75:35, and the median age was 68 years (IQR, 57-76). Complicated acute type B dissection was the most common pathology with 19 patients having a leaking aorta, 11 with end organ ischemia, and five with continuing pain. Aortic fistulae included aorto-bronchial, aorto-enteric, and aorto-cutaneous cases.
Thirty-five percent of patients (38/110) had evidence of aortic rupture on preoperative imaging, 26.4% (29/110) were hemodynamically unstable, and 23.6% (26/110) had hemothorax. Endovascular repair was performed within 24 hours of presentation to the tertiary care center in 85.5% of patients (94/110). The technical success rate was 98.2% (108/ 110). The two failures were due to inability to seal the proximal landing zone in patients with symptomatic aneurysm and a tortuous aorta.
The proximal landing zone was Ishimaru zone 0 in one patient, zone 1 in nine patients, and zone 2 in 54 patients. Adjuvant procedures were performed in 16 patients (Table  II) . Eleven patients had debranching procedures of the aortic arch to provide an adequate proximal landing zone. One patient required an aortic conduit for access as the length of the introducer sheath was designed for use in the infra-renal aorta. Procedures related to complications were performed in eight patients (Table II) . The external iliac artery was inadvertently ruptured in two patients and treated with oversew and femoro-femoral cross-over grafting. Five patients required patch angioplasty of the common femoral artery for arterial damage caused by the introducer sheath. The median procedure duration was 90 (IQR, 66-120) minutes and median blood loss was 200 (IQR, 150-400) mL.
Early outcomes. The overall in-hospital mortality was 12.7% (14/110) (Table III) . Deaths classified according to pathology were acute dissection 2/35 (mortality 5.7%), symptomatic aneurysm 6/32 (18.8%), mycotic aneurysm 3/18 (16.7%), transection 1/12 (8.4%), chronic dissection 1/9 (11.1%), and intramural hematoma 1/1 (100%).
The median time interval between endovascular intervention and 30-day death was 7 days (IQR, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Four deaths were related to aortic rupture; one in a patient with a mycotic aortic aneurysm, one in a patient with an atherosclerotic aneurysm where it was not possible to secure a proximal seal, and two in patients with aortic dissection. In the latter two cases, the procedures were uncomplicated but on the third postoperative day the patients died of rupture of the infra-renal aorta, confirmed at post-mortem examination. Three patients died with a stroke and four patients died following myocardial infarction (one of these presented with acute dissection). One case of myocardial infarction was secondary to deliberate coverage of the origin of the left subclavian artery in a patient with aortic rupture, without knowledge that this gave rise to a left internal mammary coronary bypass graft. A left subclavian artery chimney stent was deployed to re-establish antegrade flow via a brachial artery puncture.
Overall 15 patients suffered neurological complications (Table III) . Eight patients (7.3%) had a stroke (3 died), 6 related to the anterior circulation and 2 related to the posterior circulation. Of the patients with anterior circulation stroke, two had atheroma as their primary aortic pathology; of those with a posterior circulation stroke, the stent graft covered the origin of the left subclavian artery in both cases without revascularization.
Seven patients developed paraplegia (6.4%); the procedures had been performed under loco-regional anesthesia and therefore the symptoms of spinal cord ischemia were detected early in their onset. Insertion of a cerebrospinal fluid drain fully reversed the neurological deficit in four patients.
Secondary procedures. Thirteen patients (11.8%) required secondary procedures (Table IV) , the majority for management of type I endoleak: 3 patients required conversion to open repair; 1 for infolding of the device, 1 for proximal extension of the aortic dissection, and 1 early in the series when a large enough device to provide an adequate seal was not commercially available; 4 patients required extension cuffs, 1 proximal, 2 distal, and 1 patient required both; 2 patients required open aortic banding due to the proximity of the landing zone to the coeliac artery and left common carotid arteries, respectively. Three patients who presented with evidence of aortic infection suffered recurrent infection and required further stent graft placement. One patient suffered a myocardial infarction resulting in systemic hypotension 6 weeks following the procedure and presented with paraplegia that completely resolved with cerebrospinal fluid drainage. Follow-up outcomes. The median follow-up of patients who were alive at 30 days was 36 months (IQR, 11.8-62.9). There were 22 late deaths that occurred from month 2 to 132 (Table V) . The majority of patients returned to their local area for follow-up and therefore the cause of death was known in only 50% of cases. Seven (31.8%) of the late deaths were aortic related, and five occurred in patients who had initially presented with an infected aneurysm. Kaplan-Meier analysis demonstrated a 1-year survival of 81% and the 5-year survival was 63% (Fig 1) .
Predictors of mortality. The results of univariate logistic regression analysis are shown in Table VI . Significant independent predictors of death at 30 days, 1 year, and 5 years demonstrated using multivariate logistic regression analysis are shown below.
(1 
DISCUSSION
Endovascular repair is an attractive alternative to conventional open surgery for treatment of AAS. There are currently no randomized controlled trials comparing endovascular with open surgery for AAS and so the evidence for efficacy has been derived from large multicenter registries such as EUROSTAR, the UK Thoracic Registry, and IRAD. 16, 17 Single center cohort studies have evaluated individual diseases within AAS and have shown better outcome compared to open surgery with regard to ruptured descending thoracic aneurysm, complicated type B aortic dissection, and aortic transection. [18] [19] [20] [21] [22] [23] This study has shown that endoluminal repair of patients presenting with AAS is associated with a 30-day mortality of 12.7%, and this compares favorably with the results from open surgery where mortality is in the region of 25% to 45%. 11, 12, [24] [25] [26] The benefit of endovascular repair is maintained at midterm follow-up with survival figures of 81% and 63% at 1 and 5 years, respectively. Multivariate logistic regression analysis of patient and procedural factors related to the repair has demonstrated that hypotension, general anesthesia, a long procedure duration, and old age are independent predictors of 30-day mortality. Hypotension and old age are known to be predictors of perioperative mortality in patients undergoing aortic intervention, and unstable patients are more likely to undergo general anes- thesia as there is insufficient time to establish an adequate loco-regional block. 27 A long procedure time indicates a more complex repair, associated with a higher rate of reintervention and further hospital admissions affecting long-term outcome. At 1 year, perioperative stroke increases the chance of death by almost sixfold. However, the presence of an aortic fistula demonstrated the greatest strength of association of all the variables analyzed at both 1 and 5 years. Endovascular treatment of infected aortic pathology has previously been suggested as a temporizing measure, and this series suggests that in the presence of an aortic fistula, endovascular treatment should form a bridge to definitive open repair. [28] [29] [30] However, in this series most of the patients who presented with infected aneurysms and fistulae were deemed unfit for surgery. Those who were fit declined open surgery when it was offered.
The risk of neurologic complications may be increased in the emergency setting because the hypovolemic state of the patient may contribute to cerebral and spinal cord hypoperfusion. In this series, the rate of stroke and permanent paraplegia were 7.3% and 2.7%, respectively, both of which compare favorably with conventional surgical treatment. 12, 25 The stroke rate in particular is encouraging as 58% of patients required placement of the stent graft in the aortic arch to achieve an adequate proximal seal. Previous series have documented an association between aneurysmal pathology of the arch and embolization during catheter and wire manipulation resulting in anterior circulation stroke. 31 However, this is not substantiated in this study in which only two of the six patients with anterior circulation stroke had atherosclerotic aneurysms as their primary pathology. Two patients had a posterior circulation infarction with intentional occlusion of the left subclavian artery without revascularization. The Society for Vascular Surgery and the majority of reviews and cohort studies now support revascularization prior to planned coverage. [32] [33] [34] [35] However, in the acute setting of an unstable patient with aortic rupture this is not always possible.
The study extends over 12 years, and the follow-up protocol has developed over that time in accordance with changes in imaging technology and published clinical data. Initially the patients underwent CT imaging prior to discharge and at 3, 6, and 12 months, and then annually thereafter. Due to concerns over radiation levels, this was reduced to a discharge CT scan if there were any concerns regarding the repair, otherwise a CT scan at 3 months and then annually thereafter. Tertiary referrals had their scans performed locally by the referring physician and these were then sent for discussion at our multidisciplinary meeting.
A reason for concern about the endovascular management of AAS is the occurrence of graft-related complications during follow-up. Early endovascular devices were too rigid to track and conform to the aortic arch and eight percent of the patients in this series had type I endoleak, half of which required conversion to open repair. The introduction of compliant devices and the development of disease specific endografts may reduce this complication in the future. High rates of reintervention were also seen with regard to aortic infection. Multivariate analysis demonstrated a strong association between aortic infection and mortality, many dying early in the series due to multisystem organ failure. Those that survived the initial period continued to have ongoing problems with infection and constituted 71% of late aortic-related deaths. Vigilant surveillance was important as aortic-related deaths continued to occur during the follow-up period.
Internationally, the management of aortic disease has changed during this study and now endovascular therapy is an established treatment for disease of the thoracic aorta. Thoracic endovascular treatment was introduced in our unit in 1997. Prior to this, all thoracic aortic procedures were performed by open surgical repair. Initially a small number of patients who had symptomatic aneurysms and severe comorbidity were referred for endovascular treatment. The results were good, and now endovascular treatment and appropriate blood pressure management is established in our center as the first line treatment for all aortic pathology of the arch and descending thoracic aorta.
Despite the diversity of the pathology within acute aortic syndrome, these patients are at risk of imminent aortic rupture and early diagnosis and treatment improves survival. Acute care pathways introduced for myocardial infarction and stroke have successfully improved outcome. A similar algorithm for acute aortic syndrome should facilitate rapid initiation of definitive treatment in an appropriately certified facility (Fig 2) . Hospital and surgeon volume have been used as a surrogate marker for quality and correlate with lower mortality and morbidity after vascular procedures. The concept of an acute aortic center has therefore been proposed to streamline treatment thereby further improving results in this complex group of patients.
Limitations. The data presented in the manuscript represent over 12 years of a single centers' experience in the management of patients presenting with AAS. The tertiary nature of the referrals may introduce a bias with case selection, and the expertise of a specialist referral center may not be applicable to less experienced centers. The follow-up of patients from tertiary centers was limited by patient compliance. The present study details, to our knowledge, the largest series to date of endovascular repair of AAS. However, a sample size of 110 may be too small to investigate patient and procedural factors that predict mortality and result in type II error during interpretation of the results. We chose not to correct for multiple testing to avoid type II error but accept that this may have resulted in type I error. Finally, although our analyses have demonstrated significant independent predictors of mortality, these findings may have been affected by unknown confounders or under-reporting of events.
CONCLUSION
Endovascular repair of acute aortic syndrome provides a viable alternative to conventional open surgery and is associated with encouraging results. However, it is associated with a significant number of secondary procedures. 
